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ABSTRACT

A number of significant attempts at fabricatin of the
bineberg Iens have been made both at NRL and elsewhere. Soma
of these attempts have resulted in lenses of practicl appli-
cability, if suitable limitations are accepted. A brief resume
.f possible applications of the lena to problems in the field
of microw ve radar is given, and the state oZ the art r rding
the fabrication of the lens is Indicated.
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APPLICATIONS OF TM LUI1ERG LM

J.I.,Bhnert and H.P.,olemau

I. INTRODUCTION

The intent of this repirt is to deentdbe briefly some possible appli-
cationo of the Laneberg lenis end to indicate the present state of the art
in regard to the lens. ft is felt that sish a reporting is timely in view
of the gre-at interest being shown in Luneberg lenses.

R. K. Luneberg1 developed the theory for this spherically symetrio
lens in 1944 as an academic exeroise in classical opti.cs. In its simplest
ar beet known form, the lens focusse an incident plane wave upon ro-
cention to a diametrically opposite point on its surface. See Fig.l.
Workers in optics had no application for such a lens, nor could they construct
one if they wished. Thoe working in the field of radar were quick td
realize the potential -4sefualess of such a unique focussing device, but they,
too, could not bild one for lack of suitable materials and fabrication
'Cechniques.

The history of the Luneberg lens since its conception has been the
history cf its fabrication. Several laboratories have tried to oonstrut a
lens, bit until recently remsults were largely impractical. Later In this
report, a brief deecription is given of these efforts.

The Luneberg lens is composed of a dielectric material in which the
dielectric constant varies continuously from a ma aum of 2 at the center
to unity at the surface. Referring to ng.1, this variatior in the di-
electric constant 4 is given by the forwils, a. 2 - P, where r is the
normalized radius. The sketch in 71g.l may be interpreted as being in
three or two dimenions. If in three dimensions, then the lens is a sphere,
the ,ource point S lies on the surface of the sphere, and rf energ
emanating from S is collimated into a cylindrical shaft of energy in the
direction diauetrioally opposite point 8. If in two dimensions, then the
lens is a thin circilar disc, the source point S lies on the circumference
of the circle, and the emergent rf enargy lies in the plans of the lens.
In the two-dimensional ease, the lens proper Is contained between metalis
parallel plates. In both the three- and two-dimensional cases, character-
istios of the radiation pattern are determined In the usual manner, ice*#
by the extent of the lens aperture and the die tribation of illumination
over the aperture. Pattern characteristics of beam width, gain, and aide
lobe level have only recently been calceated for the perfect Lune!r
in three dimesions.

Tnebrh, R.K., 9kthematioal Theory of Optics," Brown University
Graduate School, Providence, RoI., 194.
2 Waun, .H,, "Rdiation Charaoteristies of the Spherioal Luneberg Lens,"

T Tr.anqntions on Antennas and Propagation, Vol.AP-4,#2, April, 1955
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The Linebrg's focussing propertiie are i )noent of f'r.uncy
and polarization. Also, the lens is matcthod to ar-c, jo that there is
no reflection at the surface where C a 1. Any practical limitation im-
posed by the radiation pattern or impedance is due to the manner in which
-the 2ons was bAlt or to the materials used in its con*..ction. For
example, approximating the continuous variation of 4 by a number of diq rete
steps esthlishea an upper limit of frequency beyond which the lens i.Li not
foc. s , As another example, the use of an artificial dielectric which is
anisotropic restricts o)eration to a preferred polarization and can impose
bandwidth limitations. As stated previoa&ay, the problem is hew to build a
practical Laneberg lens t meet the needs of a particular application.
The more ob7ious of these applications are outlined in the following sections.

I. APPLICATIOW)

rujt There are numerous possible appliuationr for --- versatile lens.
Those described below ar. stated in general terms without having in min4 a

ey. peticular system. Peferences to work done at the Naval Research LAboratory

are given where applicable for more detailed information,

A. 4 W Solid Angle of Sca

The tLaneberg is unique as a focussing device in that it can scan a
beam throughout all space without any deterioration in the beam's character-
istics. Referring again to Fi1.l, as the point S is positioned on the
surface of the sphere the transmitted beam is always diametrically opposite.
Since the lena is spherically symmetric there is no preferred position of
S.

A number of sources may be utilized, fed either sequentially or
simultaneously. The feed motion problems inherent in obtaining large
angles of scan by mo'$ ng a single source may be cirumvented by the use of
such multiple sources. For example, the feed system may consist of a two-
dimensional array of sources scanned over its extent by some rf switching
scheme. This type of scannin~ has been accomplished in a praotical design

for a different type of lens. A one-dimensional array of sources,
scamned over its length while being moved in some prescribed manner over
the surface of the Ianeberg, may also be used. SAch a feed system has been
demonstrated in the laboratory for use in a Cssegrain type of secanning
antrnna. A number of fixed mources, disposed in gome manner over the bar-
face, is another possibility. These 3ouroes need not be identlcal, but
way differ in frequency and polarization, The sources may be energized
simultaneously if desired. Applications of these feeding systems is
limited onmy by one's imagination.

3 Gabriel, W.F., Archer, D.H., Peeler, G.D.M., and Coleman, H.P., *A Vol%..

metric Scanning GCA Antenna," RL Report (In Process of Pablioation)
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B. ., ' il Sca.n inth Stabilization

Scanning may be confined t a plane, say the horizontal plane, to
obtain 3600 of scan. For simplicity, one my visualize a single souroe S
rotating in a tirelm about the spherical lumeberg. If the antenna assembly
is mounted on an unstable base w1oh as a ship, stabilization of the bum
on the horizon nay be desmiraAe. This can be accomplished by moving the
source S in a vertical direocion to compensate for the shipts motion.
Sach a scheme is straigh orwrdo.

More thn one souroe may be used. If all the sources scanned the
horizon$ a m.ti-boaed surface-search antenna system results. If the
sour~es acann d at various vertical anglee, a staaked-beam cosecant-squared
antenna system capable also of height finding is possible. Verious fre.
quencies of operation and differing polarisations may be used.

If stabilization is not required, and a broad vertical boamldth is
acceptable, then for simplicity of structure, a two-dimensional lwiebergis preferable.

C. sector Soan

1kch of what was described in sections A and B could be repeated
here for sector Re-anning if the sources were restricted to a limited
region of the epherical surface. In thoe sections the symmetry of the
Itnoberg was exploited, so that i' may appear at first the1ght that in
sector scan this advantage is largely wasted. [bvever, it is still
possiblo, to exploit the characteristic by means of reflecting plane mirrors4

Consider now half a Lneborg lens as shown in Fig.2. A reflector in
placed in contact with the plane surface of the lens. Bay emanating from
a source S are reflected as shovr, the angle of reflection being equal to
the angle of incidence. Woh rays a;-e perfectly focussed, just as In the
cate of the LXufl. lueberg, and appear to cwe frum the virtual sAroe S.
Movement of the sou coe S causes a corresponing movement o£ the beam in
the opposite direction.

There is some deterioration of the radiated pattern. Thia is due
to the fact that the effeative aperture for the reflected beam is
I + cosJO and decreases as the angle A between the source and the
axis of symetry !ncreasse. In Fig.2 it is seen that mae of the
focussed rsdi'%tion from the source S hisses the reflector when A dif.
fer from zero. This radiation, termed the direct beam, has an aperture
of 1 - Cos,# . -'ig.3 compares theoretical and measured pattern
oharaoteristioe of a 36-inch diameter two-dlmensional lens of the type
diagraed in Fig.2. The useful scan angle from such a lens ay bin-
creased somewhat by enlarging the reflector, altough this expedient
hardly seems worth while. Absorbent material may be used to absorb the
non-reflootad enargy, consequently reducing side lobe levels.

4 Peeler,G.D.bL, Llleher,X.S., and Coleman, fl.P., "-Virtual Source
Luneberg Lenses," EL Report #4194, 13 July 1953
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Fig. I Rays in a Luneberg Lens
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Fig. 2 -Rays in a One-ReEoipctor Virtual Source
Luneborg Lens
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Sc:arping ay be acccvnpahed by moving tne feed or the lenn, In the
case llua tratd In g it is .---ral to think of the feed nnving. if,
however, aruLh, half 1,uneberg were pl&ced on the other side of toe re-
fleeto, one might v..nuelize the ).ens rotating. in this case the Fkngular
rate of scan is twi.e the anguiar rotation of the lens, 'Xie to beam tiit-
terloration when the source approaches the reflector edge, the effactive
scar angln i somewnat less than 180 degrees. As in the case of the fulc
Laneberg, multiple so'rces may be used to scan several sectors eimultanec--a-
Ly, either in the s Ie, plane or inr various planes.

The number of reflectors is not limited to one. It has been shown4

that for any odd number of reflectors the beam scans vs described for a
single reflector as the lenn is rotated, while for any even nmaber of re-
fleotors the beam does not scan. In the latter caso, .he reflectors behave

an corner reiieotors. It should be noted that the use of reflectors may im-

prove the mechanical propertiec of the lens system by providing support.

What has beun .ated above for the Zuneberg with a reflector applies
equally to two- or three-dimensional lenses. For the three-dimensional
lens, stabili-ation may be acomplished as described In section B by move-
ment of the source in the directioa nore.al to the mtIon of scan.

Another application of the reflector is ill4strated iii Pig.4. The
reflector is inclined at an angle OG to the flat surface of a half Lineberg
and the source S is on the axis of symmetry. &f r' ' 5 degrees or loss,
then the beam is fairly well forussed in a direction making an anele of
approximately 20C with the source. As the angle C beoemes largue than
5 degrees, the boam displacement from the axis becomes more nearly equal
to Oc and gain decreases. With C equal to 20 degrees the gain is .own
3 db and the beam is displaced 23 degrees from the axis of the system.
Pattern characteristics for a lens in which the reflecting surface only
is moved are shown in Fig.5. This data, compa: ed with that shown in F1g.
3, relates the performance of the two lenses. As the reflector is ro-
tated abot tile axis of jirmmetry, a eonical scan resulte, A spiral scan
can be obtained by continuously varying the angle OC from maximum to zer,.

D. Passive Reflector

The Luneberg lo!,3 may be use-! as a passive reflectn in a manner
analogous to a comn-r rflectir. A reflecting phriel ca)p is placed in
cst.tacL with the lens as illuit-ated in Fig.6. Incident energy is
focussed at a point S d~termined by the angle of arrival. The rays are
rei-lected at 3, the angle of reflection teing equal to the angle of in-
cidence, and epterge in th" .iame direction from whence they can*, Perfcect
focuzing is thus ottained fir all angles. of arrival within the extent
of the reflecting spherical cap. :t ia readily seen that for optimum
performance, the cap should be somewhat 1083 than a hemis here to previ.nt
undue shadowing while allAing maximum angle of co-mrag..-I Lun weberg

5 Gorr, B., and Ilt, f.S., "Modification of the .,uneberg lons to Perrorm
as High-Gain 'ide Angle Reflector," AKtVr Interna. Memorandum, 15 Feb 1956

i6



AXSOF--.
ROTATION

Fig. 4 -A Modification of the
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Fig. 5 - Pattern Chara~cter!istics of the
Modified Virtual Source Lens
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W perfor,-B botar 1 rioally thain the corner reflector since it in
effeotive over EL mkcn P-.:ter solid angle and it foqousee perfectly, Thus
maximia1.nd azntenne, gain, P--r limitded angles of inaidetco the virtuial source. ! type of lens might also be used as a p&Ogirg reflector,

There ae many app loationa for the Ianebsr " a. passive reflector,
surh as a rar torgt or a radar maker for n gation. These Application
do not in genforal Impose as many or as seere r-a.uirewnte on th6 U berg
eea do ap.aioatons involv." the tranwAssion of higeh rf energy leoW.
ror this reason the first lunberg loe to be oemrcially prohucod isth
puss~ve-rrloeator type. Spheres Up to,Af inches in damter are advertised

| as sholf items. The spherical cap is utilized to hold the lens in positron,
providing a neat solittion to the supor lrobliss

Attempts have been made to simplify the Luneberg to the utmost as a
passive reflector. !t has been shoira for emaple, that a COnstant di-
eleotric saere with 4 a 4 has fair feouasing popertios. Same thought
has been given to optiMsing the performance of a sphere utilizing only two
different dieleotric materials. Also, a omabinod lens-oormer rtfdetor has
exhibited a wider angle of performance than just a orner reflector. No
d ubt other iAproveaents will emerge a the scope of applioatioas widens.

iI. PPACTICAL GOTAXIMATIOW

As tate before, use of this very versatile lena is delayed be-
cause of fabrication difficulties. rn order for one to understand this
situation, it is helpful to be f=mUr with the speoifioations imposed on
a Lneberg.

A. Dielectric 0outa,.

The dielectric oonstant 6 of the lens varies contimuously as:2 - r2 , free a vale of 2 at the ooeer to unity at the seUas."

This ithe onl variation for as phre with the soue on it surfaoe.
I the shape of the lens 4l alteredp, or if the souroe is positioed +else-
where than on the surface, a different law of variation of 4 reults.
All such laws k~ona to the authors dexand an a peater than 2a

abirioation of materials having the required value and distribution
of e within a sphere bad proved to be an Ineuxuowutable rcbtae 1ntl
quite receatly. Tc dt- ", -. has been found to sake a suooeesful
Luneberg with a continuous variat4on of dielectric Goa ant. ao1eae
haa been aehieved by approximating the required variation of by dis-
crate at-olv, that Is, by building up the sphere ith a wa%)pr of oonoe.
trio shells of a gven 4 . 1he first such praotial leow I vM made ofia mixture of shezded polystyrene and expandable polystyrene beedst This
lens, although built and tested over a year ago, has not yet been used inan antonna system, owing largely to its high cost and weight.

6htonJr.I., "An 3xtensior. of the lwiaberg-type Lewses#* DRL hlport 04.10,

16 f~b 1953
7 7osIer,G.D.M., Coleau,H.P., , net, roo Div.# Se and 7okn.e. gQmiWR,, fterson & Asm-, Inc., "Maeowave Stoeppod, Indox lbumborg

" Lewse, 0 IL PBort #IA43, 29 Oot 1956 _.

9II P I 1 I I I' I



0, There In a flnoament l .1mitaton imposed on the len by the present
stathete at In eontrollin the valse of the dielectrio constant of
any one sholl. At the present e, no manufacture r h s demonstrated his
ability to reproduce shoels whih iz a isotrepi s and homogenous to withu

o a toleranoe better than t02 n dbepotil c tt. Sine 1 Z 4 I2, the
number of shell l s U lied to 25 at the mostl This in turn litth the al
of the lens, for the thickness of the shlels hannot be too gros at compar d

--o to the avelenth of the rf energy used. hexe p, no knon relation which
so can be applied to determine ho my shells re aedd for a lens of a given
on, size, er haw large a lens tan be built for doe at a given ftequeneT. Thae

problem is being orked oe alob elminary d o aults, la h tcmeneous y
aomplicated, ndicate thaet it may be ossible to ompeue a relationosip
tween number of shells, liens size,, and rf 5velenth. ao.

Investigators esper contin with 8s t r h h sd leorned to make rough
0 ~~estimates of the zmber of shells reqire. For example, ir previoun wok

doe at tis laoo!ra on two-di leao nses, It wam fel" t tn (10)
steps wee adequat efor the 18-insh wdi dte" spherical -a-sbe for use at
o-tand. a ene reto nshoped that the lens perfomd "t= 1 an d at s ve .
length of 3.2 . he side lobes w ere down by about IS db as oMpard toa level of M0 db predited by Bratun's work. The apertur efftenay was 63
percent which compares quite favorably with 65 percent for a t rbolold
operating under the esas conditions, At 1.8 =n the side lobe'rose to an
average of 15 db ad when the lens was operated at 048 am no postion of

on the food ould be foud where the lens would focus. No attempt wa made to
obtain a general relationship between the noabor of steps and the 8hottest
wavelength at which the lens wol focus, sine this would be feetly, tIm-.

oonsmAing, and open to suspicion due to the uneta intes in lens
struotion.

3. Dieletric loss

Because the Lnwbearg is a very thick lona it is necessary thAt tUe
I#- nterial have a very low dielecetic los characteristic. st how
low bis loss should be depends an the diamster of the 1en 4m toz of
wavelength. An exaot solution for the actual dielectric loesee as a
function of the lens radius would be difficult to obtain. HMoever, the
field dencity over any out through the lens is Inversely proportiowl to
the sqare of the lets radius and the volume of dielectric material is
directly proporticta to the oubs of the radius. A fair approxuatlon to
the dielectric losses in tha+, they are directly proportional to the lens
radius. It Is obvious then that the lens material mot be noarly loss-

) less, with tan 4F 4 .001 preferably. This requirement puts a sOvere
limitation on the types of material that can be considered.

1n
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A.so, the loss factor imposes a limit on the size of the lens. There
is no point ia contemplating -uAorowave lens with an aperture diameter much
r-,re than 50 wa'elengthes, for with pressently available materials most of
the transmitted and received energy would be expended in the lens. For
that matter, a lazge lens poses a heat t;,anafer probleu,, as the dieleotric
material is an excellent heat insulator.

C. weight

Anoher important consideration is the weight of thA lens. If poly-

styrene Is used as mentioned in section A, then weight rapidly becomes
prohibitive. Fblystyrene has a specific gravity close to unity, so that
a spherical Lunebrg made of polyrtyrens has a specific gravity of about
one-third. The 18-i.noh diameter lens referred to previously7 weighs about
33 166. pport for the full sphere is a problem; the ue of metallic

plane mixerors for sector scan and spherioal ciaps for the passive reflector
are solutions for those two cases. It, appears like3y that a lenn with
a aameter greater than 3 feet and made of materials now available would

r"ush part of its fragile outer shells if p aoed on a flat surface.

P, Other Desirable Features

The nater shall of the kwoeberg nASt of necessity be toenct, sine
* approach-s unity on th. surfae.. In addition to the atongth problm

ientioned above, there is also a problem of porosity. It is important
that no water find its way into the lens from the eurround1ng atacsphri0
conditions.. for the., the dleleotrio loss increases prohibitively. Thus
it is desira-ble that the lens material be unioelluAr to prevent water

* absorption. Added protection can be obtained by placing a very thin and
tough waterproof bag, a sort of tight-fitting radom, over the lens.

The bag-like radone just mentioned can provide other types of pro-
tection. It ib important, for example, that tho lens possess good
resistance to weathering. Without some kind of radome, the fragile
outer shell would weather poorly. Also, the lens mat poisets ohmica4l
stability, that is, its desirable characteristios should notdeteriorate
with ti:m. For example, radiation from the sun, especially ultra.
vioet, affects some plastics. The subject radooe could be made to e9C-
clude ultraviolet.

The lens material mist possess meohanical btahlity. It Mst not
crack or craze with time or undler the influence of changing tperatures.
loldflow or creep of the material must be avoided.

The matcrial must bo homogeneous and isotropic, for othorwiwe the
performanoe Ijaracteristios of the lens would be a function of pouttion.

/.
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h IV. FAI'.ICATION TEC.MIQUFS

TI apprais the i 'ebsrg problem as a whole and to predict whAt its
,,e mrf ,ne, i in--It that ! kowleA. of %rhat has been done in the past

is essential. The following comments .'re brief, ht, it !- hoped, in-
formative.

A. Early Attespts

1. Shortly after World War II, the Antenn,. laboratory of the newly-
formed Air fcrce laboratory in Cambridge, Mass. (now named Air Force
Cambridge Pe8arch Center (AIVRC) and located at Hanscom Fild, Bedfori,
Mass.) became interested in techniques for fabricating Lmeberge.

iarly in 1947 a contract was lot by AFCRG with Gase Inetitut,
of Technology to invastigte Seodesio surfaces for focussing eleotrozag-
netis vves, In this case, the variation in 9 is simulated by
increased path length for the rf energy traveling in the TEM mode between
parallel plates. The result of this study was the "tin hat#" a dme-lika
parallel-plate region as illustrated in Pig.7. The first model was of
plaster t n^r le, 36 inches in diameter, built in 1948. ergy leaving
the feed at various englea traverse geodesics, paths of least distwsoe,
to the semicircular line aperture. This design had mechanical drawbacks.
but beha.md well electrically.9 Sin-e then various other laboratories
have improved the meohanical design by using alainum spinnirgs, until
now the "tin hat" appears practical for a two-dimensional lens.

JBy 2950 AFMC designed and bilt another type of two-dimensional
L. eberg. he lens was made of solid dielectric and so shaped that
when placed between circular parallel plates as shown in Fig.8, the

I resultirg alr-dielectric combination gave the desired value of 9 at
any one point. This design, although it negleoted the trapping effect
of the solid dielectric, gave encouraglng results. P.asults were not
published, nor wac the design lrproved.

In 1951 APCRC built a two-dimensionl prallel-.l1 te Llneberg
with a ovitimuo-sly varying 4 obtained by compressing a properly
shaped mound of foamed polystyrene. This tecnnique was then eteanded
to produ, a thr, --dimensional IlInoberg by using a number of compressed
dielectric layers of the correct size and with the proper varietion of

• ielectrio constant. Thic technique was not too promising, largely bo-
cause the foamed material did not crush udformly. Test resultlO were
reported relatively recently, together with more recent results.

9 Fine,R .C., "The Metal-Plate Analogue of a Luneberg Lena," NRL Report

"Proceedings of the Third Symposium on Scanning Antennas, ap.30, 19O

3LOCor)km,p..W., Gutman,A.S., Hiatt pR.R., "The luneberg Lens of Continuous-

jly Varying r4eleotric Contant,* APCWf-TR-54-103f Oct 1954

I ! - fZ-4



-rig.?.7 The aTti-Hat" Analogue of the Luntsberg Lens

Fig. 8 -Parallel '*late@ P~artially Filled with
Dielectrit Materiai as a Luneberg Lens
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2. To the tn.s of the authors' knowledge, the first three-dlnensional

Luneherg was bailt at Hughes Aircraft Company, Clver City, Californla,

aboet 1950. It nonsisted of a mumber of concentric hemispherical shells

of appeopriat6 6 . The shells were turned or a lathe from blocks of

compressed polystrene foam. No report of results was made available,

and it is presumed that the lens was unsuccessful 
for the reason stated

above.

3, The first three-dilmensional len
all to have some measure of

success was conceived and bailt at the 
Airborne Instruments Laboratory,

Inc., Kineola, Long Island. This 12-inch diameter lens consisted of

several thousand glass pyrex balls so dispersed throughout a supporting

foamed polystyrene material to produce approximately 
the desired valat.on

.n * . A -_vel feed uw+.aiM wq attlized. with scanning through 3600

accomplished by rf switching.

4. Early efforts at the Naval esearcl Laboratovy were directed

terward the construction of two-dimensional Ljnewsrgs. In the first

type of lens constructed, variation of 9 was obtained by using the

wavegidt effect on the rf energY. As skvtched in Pig.9, the E-vector

of .he rf en-?? is pq-1' 4 te tho plates, so that the velocity of

prpagattn it a function of plate ae-ration and the material between

the plates. Energ leaving the f.ed follows paths of least time, so

that this lens is similar in that respect to the geodesio ana.ogue of

tho tin hat mentioned earlier. This lens performed as predicted and

was reported 12 in tho literature.

An attempt was also made to develop a material 
oovering the

required range in 6 and to approximate the lens by hand-forming a

small wmnber of conentrio aninlar rings. At that time the only

technique which appeared to promise adequate density 
control involved

the use of fomed rubber and rubber plastic 
materials. The supplier

of this material, howver, was u.-able 
to avoid the use of carbon black

in the rubber compounding and the effort failed due 
to excessive

losses in the higher dielectric constant 
materials. No report was

made of these lenses.

5. Several laborato'ies tried by chemical 
means to fiam di-

electrics to produce the prescribed variation in 4 a All these

attempts at foaming in place" failed. Both loaded and unloaded di-

? slectrics were used, but the results were 
uniformly bad. This technique

is attractive and has been tried again qu:te recently, but the required

variation in 9 has not been adequately approximated*

1 1 JarikH., "Spherical lameberg Lenses," NRL Report #4000j, p.89, 1952

1 2 pe lerG.D.M., trcher, D.H., "A Two-Dimensional tuneberg to-no,"

NML Repc-t #4115, 2 March 1953. Also, IrE Transactions, Antennas &

Propagation, Vo.AP-2,t3, July 1954 (Sae authors and title)

. .. 
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Fig. 9 -Z Mode Lueberg, Corn.
prwe.d of I1..ectric .Filld Almost-
Paw.atel. Plate$
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B. Oirrent Attempts

1. Several laboratories, ircluding the Naval R-4search Labormtory

have fabrioatod .atsrial for a tAoneborg leus by creating voids in a sheet
of solid dielectric mterial. Although two-dimensional lenses bMve been

f,abricated this way, the tschnique does not seom a practical one to ex-

tend to the construotioL of thre-i:imensional lenses.

2. The various potential uses of the xnaeberg lens have beeme so
well known br now that several commercial companies are trying to develop
new plastics for possible applications. riefly, these approaches axe

as rolowas

a. &=WWA 0_.W'h=M _BAdI. Py mixing partially
axpa:-ed beads with a higher dielectric constant material in proper

propi.rtionti a dry mixture capable of moulding is otained. Thic tech-

nique was jed successfully in fabricating the la-inoh sphere for this
laborato ry

b. Dieleotric Loadin. This technique is similar to that

above, except a binder is used to hold the two different dielecteics

together. Lenses tabrioated in this mamner have not been entirely

satisfactory. The radiation pattern of such a lens varied with sc"
angle, thus indicating inhaogeneitieo in the lens.

c. M&U11€a LL j.M The idea h~re is to add metallic dust

to inorease the dieleoicio oorist&.t of a very lightweight nerf._

withalt increasing the loss or permeability. Ordinary fabrication

techniques introduce anisotropy, so that special techniques have been

devised to add the metallic dust withvAt introducing preferred

orientatont, of the particles. Aperimental lenses fabricated with

such material have shown high losses and poor radiation patters.

3. The mcst significar and promising teohnique now being ex-

plored iu the use of artificcial dialectrice. An artificial dielectric

is a configurttion of metallic objects, wall ooparod to the wavelength

of' tho operating rf energy but large compared to the molecules of a

natural dieleotric. These metal objects when placed in an electrmag-

ntic field beetme polarized, i.e., -have poles induced on their surfates,

and thus create an eleotrcagaetic field of- their own whiah did not

exist previously. This nly created field reacts with the rf rield

which produced it, producing an effect much like that of a disleutr -

material.

For certain simple object shapes .iah as spheres or

cylinders, this "artificial" dielectric ef .et is calculable. A theo-

rtioal and experimantal iarestigatiol of this effsect produced by tbin

16
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pine were made a~this labo3rtorf Using the results, a to-dimnsional
luneoerg was designed and tul, Test results shawed the lens to have
radiation pattern, antenna gaink, and impelanoe characteristics as expmeted
from lens theory.

An extension of the above to three. lmersiona was out short ly
the demar~s of the military draft anti depmAure of persoimel, to ocamrcial
laboratories.

4. Recent work with dielectric materials to modify their properties
by high intensity radiation shows some@ promise of developing suitable lone
mater~las. The Chemistry Division at this laboratory has, for example,
solidiw" ac of the silicones with radiation frco a cobalt 60 source,

V. COCjUIOW

At the present time snall two-dinmnsiona. .iiowowave Luneberg lenses
can be 1-iilt using (1) variable dieleotrio material between parallel
plates, t2) constant dielectria material between pperlv shaped plates,
(3) the geodesic, snlogas of the "tin hat", or (4)Fartifticial dilestrioa
between r'xallel plates.* 3&4'A. th~-ieae a rowkve lames can be
but uali T expandable polystrone beads, It may be possible to use
techniques other than the above,, but tesaibijalty has not been demonstrated*
The word small, used to describe lens ese, above, is meant to be about 5
feet mrnimum at the present state of the art, les~ size decreasing ith rt
wavelength dues to excessive lose in the dielectric.

There are applications also for a large two-, or three-dimensional
Lurkeborg at WH. lae size would be In same oases in excess of oe hundred
feet. It is obvious that the mechaicial problem is one of great o
plexnty. In looking uver all possible approaches to this problem, ecm ts
led to conclude that the most promising and perhaps only approach is
through the use of artiVt.cial dielectrics. Since the wavelength to be
uaed is &tout a meter, the metallic objects may be severul inches in am-
tent. Fabrication techniques for the obstacles and construction tech..

* niques for the lens need to be surveyed &now.

Applications of tie innebsrg lens have~ been few, despite the unique
a'Avantagea offeied. T'his slow progress is ctue entirely to a lack of
suitable materiaLs and practical design techniques. The future of the
Ltineberg lae is, bo-ever, promising and progress is accelerating due

* to the increasing number mid diversity or efforte being puat to bear on
the problem.

l~~3o~**
Feeler# 0.D.14., Peusi., M.L, "A Two-Dimesional Pin Luneberg," NRL

4 Report In Process of Writing
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